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OBJEC TIV E 

• DEMONSTRATE ON-ORBIT JITTER CHARACTERISTICS FOR A GENERIC 
LARGE POINTING PLATFORM 
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STUDY SHOWED EXCELLENT CORRELATION FOR MLS AND HDRI 
CALIBRATION DISTURBANCES USING MEASURED FLIGHT DAMPING 
VALUES 
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argument of perigee is frozen at 90 degrees to minimize altitude variation over the northern hemisphere. The 
orbital plane precision rate is 3.9 degrees per day. 
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UARS ORBITAL CONFIGURATION 
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ORIGINAL MODEL GENERATED IN 1988 TO PERFORM JITTER ANALYSIS 
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BASELINE ORBITAL MODEL (1988) 
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UPDATED ORBITAL MODEL (1992) 
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FEM SUBSTRUCTURES 
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MODAL MODEL HAS 280 MODES UP TO 100 HZ 
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S/A FIRST BENDING MODE 
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S/A SECOND BENDING MODE 
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FREQUENCY VERSUS S/A POSITION 
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Frequency Free-Free Mode > Frequency Cantilevered Mode 
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UARS JITTER STUDY 

ANALYTICAL FREQUENCIES FOR VARIOUS S/A POSITIONS 3 1 
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mode switched S/A at 90° (midnight) 

S/A at 270° (noon) 
S/A at 30° (sunset) 
S/A at 1 50° (sunrise) 
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S/A FREQUENCY VERSUS S/A POSITION 



S/A POSITION (DEGREES) 
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• Measured frequencies and damping values using free decay data 

- Day 265 (June 2, 1 992) Roll Gyro after S/A shutdown 

- Day 265 (June 2, 1992) Yaw Gyro after S/A shutdown 

- Day 301 (July 8, 1992) Roll Gyro after MLS shutdown (S/A drive off) 
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UARS JITTER STUDY 

FLIGHT FREQUENCIES AT VARIOUS S/A POSITIONS 



*• Reliable Mode with Consistent Mode Indicator (CMI) > 0.80 
* Distinguished Mode with Consistent Mode Indicator (CMI) > 0.60 

EDGEWISE BENDING MODE ONLY DISCERNABLE NEAR 0° and 180 
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FLIGHT FREQUENCIES AT VARIOUS S/A POSITIONS 
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ERA" FREQUENCY ANALYSIS CORRELATION 
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FLIGHT DATA WITHIN 10 PERCENT OF ANALYTICAL 
PREDICTION FOR FIRST TWO S/A MODES 
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FREQUENCY CORRELATION VERSUS S/A ANGLE 
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UNPLANNED SHUTDOWN OF B-DRIVE 
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Analyzed 3 Time Periods each 10 Seconds in Duration to 
Determine Consistency of Measured Damping Value 
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UARS JITTER STUDY 

ERA RESULTS FOR S/A SHUTDOWN ROLL GYRO 
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DAMPING VALUE FOR FIRST MODE 
CONSTANT OVER EACH WINDOW 
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MAXIMUM PEAK 0.3 ARCSEC (6 COUNTS) 
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INSUFFICIENT DISTURBANCE TO OBTAIN 
ACCURATE DAMPING VALUE 
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Maximum Peak is only 0.2 arcsec (4 counts) 
Insufficient to Obtain Accurate Damping Values 
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ERA ANALYSIS SUMMARY 



edgewise damping value could not be obtained 
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A scatter plot of the collected data is shown in the chart along with the measured UARS modal damping valu 
UARS damping is about average for its frequency range although few data points exist. In order to t 
conservative, the UARS pre-launch jitter analysis assumed 0.2% modal damping for all modes. 
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• Generated by Dr. Stepan Simonian 
TRW Space and Technology Group 

ASSUMED 0.2% MODAL DAMPING FOR UARS PRE-LAUNCH JITTER ANALYSIS 




UARS JITTER STUDY 


CO 


1 


.<9 


S 


UARS JITTER STUDY 


10 

CD 



CO 

CO 


O 

3 


CD 

cc 


LU 

E 


CD 

oc 

< 


<D H- 
V) 

R <D 

h 


“R R 

Tf rA 


^ eX 5 


C <D (0 c 

— ® c ® 
c o c a> 
i S 2 5 

lifi 

ill 

1«55 

JctiU 

H|E® 

© _ £ *- 
v V *■* o 

s§fr 

•tj.® 

c: 0 3 

t ® a 
E o w 


co 

c 


£ ™® - 

i?"g 

life 

T) j qW 
c W 0 -I 
< 0 ® 5 

< 0 ^ W m 
cdm ® 

Sl'°' E 

~ <D >s 
§£•» 
«i 8 i< 

-J ts .r ^ 
5iS x2 
O o UJ 

*~is 

+—> ^ Li. k. 

n IA O O 

c ® . E 

KU 

,s£Z 

■o ^ i_ 5 

O (DO 
‘C .C 


8 



O J® m 

*- c > ® ~ 


I -c ic 2 . c 

I J 5 §T> 

■o ^ <8 </> ® 

O »- .C C ■£ 

£ ® 8 8 8 

CD £ a> </) a> 



UARS jitter study 

MAY 1 DISTURBANCE EXPERIMENT 
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• Harmonic drive acts as sinusoidal forcing function (0.23 Hz) 

• S/A modes (~0.25 Hz) excited resulting in spacecraft jitter 
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JITTER CONTRIBUTION FROM S/A DRIVE 
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JITTER CORRELATION STUDIES MUST BE 
MADE WHEN SAD IS NOT OPERATING 
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JITTER DETERMINATION 
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GYRO DRIFT RATE ERROR CAUSES BIAS IN INTEGRATED DATA 
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NO CHANGE IN ROLL JITTER AFTER RWA SLOWDOWN 
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UARS JITTER STUDY 




UARS JITTER STUDY 



O CHANGE IN YAW JITTER AFTER RWA SLOWDOWN 





UARS JITTER STUDY 


CO 

o> 


■n CJQ a 


^ — v# 

o oo 

~ 04 


^iss 

© — £ c 
2 T 3 
c > 2 tr 

® « 3 ® 

®« 75 00 

f 2*2 

5 ®£-£ 

1 st* 

S| = 2 

O x O z: 

I £ ®i 

- -s^-l 

>» ? £ cE 

I » 18 | 

11*1 
Jig I 

2 I « © 

2 2? s 

S ® ® o 

5 ~ ® *= 

5 *- > ® 

® c 1 

3 .1 *§ • 

> 7 S€ 

® 8 ^ cn 
•O C o c 

gad 
fe 0-0 

S m 75 -o 
o © £ © 

XI * a 



1 . 


h- 

O) 




o in in in in o o 

t- ^ co <o CM CM CM 
• •••••• 

O O O O -r- T* '<* 


QOC 


0.2 

lu 9 E 


o o o o o o o 
T- ^ n cm co co 
oooorwn 






UARS JITTER STUDY 


00 


c 

jg 

JO 

tr 

<D 


03 

C 

o 

c 

a> 

c 

<D 

a 

</) 


UARS JITTER STUDY 


o> 

o> 






PRECEDING PAGE BLANK NOT FILMED 




UARS JITTER STUDY 


o 

o 


c to g g 


0 ) 


cc 

O 

0) 

z 

Ui 

<0 

(0 

-J 

s 


w# V# 

— c w 
Offline 

g»8| 

II? s 


« 


S 2 ® & a 

iiS8| 

** 3*1 



£ P -F, ' 



UARS JITTER STUDY 
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UPDATED TORQUE PROFILE TO SIMULATE FLIGHT OPERATIONS 
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RESPONSE FROM 10 MLS SCANS 
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-7 


o> 

o 


o 

CO 

CM 

c 3 

T 3 

<D 

C 

o 

<75 

It 

wo 

53 

S w 
c — 
Sc 


o 

2 

3 

jC 

(/> 

03 

> 


3= 
O 
</> 

C 
03 

E 

O) 3 
C 0>is 
P £ ^ 

lis-s 

^ 2 03 


*o w ~s 

T. CO < O 
< J O s 

co 2 l< 




c 

Cjl) 

to 


w 

5 

H 


u 

u 

CO 


U1 

r 

H 



CU^H< <0tUMMUNO ‘^cmoo WWO 


SIGNIFICANT REDUCTION IN ROLL JITTER AFTER MLS SHUTDOWN 




UARS JITTER STUDY 


O 


CO 

S 

< 

z 

o 

t 

o. 


5 

o 

o 

I- 

D 

Z 

CO 

CO 


o 

z 

£ 

3 

O 


< 

a 

H 

z 

o 


I? 

0) </) 
a) 

p 

C/D 

-J 

o2 


o ^ 


CO 

c 

E 

13 

C/3 

CO 

03 ^ 

O 

C 

o 

(0 




5 

o 

D 

I- 

3 


> « 
D (0 


& 


cc o 

hi 


t £ 


c cc 

3 


CO ~ 

cc O 


S < 


■ 

< 

O 


g 

LL 



O 

00 

C\J 


co 


“O 

<D 

c 

o 


CO 


a. 


< i 

CO -Q 


53 


3 :^ 


<0 

i| 


3 = 

o 

cn 


c 

<D 

E 

3 


2 c ?h 


■c F .£ w 

w E ^ c 



J&a 

c w ■» 

^co< o 
< j O — 
co 2 1 < 



< 

H 

< 

Q 


Z 

H O 

^ a 
x z 
-x - 

o z 


o *■) 
ro 


>■ 

< 

Q 


< 

H 

< 

Q 

H 

OQ 


5 

2 

>-» < 
O H 
< 

X c 
£ * 
2 2 
CO 

5 

D 


O 

m 

>- 

< 

Q 



MLS DOES NOT CONTRIBUTE TO PITCH JITTER 





UARS JITTER STUDY 112 



I 
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• A-G : Based on frequency content of forcing function 

• 1-13: Spacecraft modes 

PSD BASED ON FREQUENCY CONTENT DURING MLS TRACKING ONLY 




UARS JITTER STUDY 138 


<0 


£ 

o 

a 


0) 

Hi 

> 

£ 

Q 

> 

< 

OE 

K 

< 

CC 

< 

-J 

o 

w 


a 

> 

< 

a 


© s 


(0 


® r-. S 


3 


6 3 q. c $ 

o 9- 2 UJ "O >> 

(o 13 E isi c 


Q) 


CD 


CD 


* © ® ..fits 

0 3 

£ ® 1 -Q 

K" fl) ^ ® 3 © 

23alW- 
•so XUJOL o 
“-JZ ®NUJ C 
w O </) N U) 

® -D ^ © W O 
= O 3-0 tT3 

o c ° o £5 — , 
S Ejg | « o> 

- ® N 0 -0 

£ P's W 2 2 

0) 


c/> 

CD 

V. 

<D 

£ 

<rt 

aj 

c6 

c 

E 

o 

T3 

<D 

T3 

O 

E 

N 

X 

LO 

cn 

o 

03 


,°3q; 

Ills 

G> CO 


° © « 


w vw ^ w W 

“ l£ §li 

2.i?-> ip 

>>< >>c ® t 
(tj (0 ^ r j 
iz _ o tz o> 

©5.r? “-5. 

© (0 tif-r 

a gw.^ c 

g < 1^ £ 

© a ® « a 

®^|2® 
:o J £ o 

3 5 W5 

o£xQ 

-Q _ © -Q 

2fs-s« 

mil 

© © .2 $ § 

^©g|2 

© -p > N 

a) CO > X 

P> © © U) 

V> .coi 


- UO 
C 03 

2 o 

*§ a? 

D £ 

SI — 
oo 03 

cdE 
c O 

Sr uj ~ 

03 O <N 


</> 

<D 


CD 

sz 


CO Js 


*n 03 

i 5 nj ? o v 
to 


C 03 _ .2 


c ® 
o ^ 


CD 


9 c 


§ 


o - T3 55 


— <j is T3 
<D 0) D 5 C (0 .2 

5 o.-c 
< </} to 


© 5 .£ c§ 


1 




DAY 281 SOLAR ARRAY DRIVE SHUTDOWN 139 
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